Research was carried out to evaluate composted olive-mill waste as a peat substitute in foliage potted plant production. Rooted cuttings of Codiaeum variegatum (L.) A. Juss and Syngonium podophyllum Schott were grown for 5 months and Ficus benjamina L. for 10 months in media containing olive-mill waste compost (OWC), sphagnum peat and perlite in 1:3:4, 1:1:2, and 3:1:4 ratio (by volume), respectively, and their foliage and root growth was determined and compared to a control medium of 1 peat : 1 perlite (by volume). When up to 75% of peat in the control medium was replaced by OWC, C. variegatum foliage and root growth were similar compared with the control, while a 50% peat replacement gave the best growth. Syngonium podophyllum was more sensitive to peat replacement compared to C. variegatum, as only 25% of peat could be replaced by OWC without any reduction in foliage growth. The dry weight of the roots was not affected in all media tested. In F. benjamina, peat could be replaced up to 75% without effects on plant height and lateral shoot number, while the length of the laterals was progressively reduced with increasing OWC level. However, only at the highest OWC level (75% peat replacement) the laterals were shorter compared with the control. There was also a progressive reduction of main stem diameter, foliage fresh weight, and root dry weight with increasing OWC level in the medium. Even the lowest OWC level (25% peat replacement) caused a decrease of foliage and root weight compared with the control, with no effect though on plant visual quality. Even a 25% peat replacement by OWC caused an increase in bulk density. A considerable decrease of total porosity and readily available water were measured in media where 50% or 75% of peat was replaced by OWC. The pH of the medium with the highest OWC level was high during the fi rst 4 months of culture compared to the other media. The electrical conductivity initially related to OWC level, but it decreased to values similar to that in the control medium during the fi rst month of culture.
Most ornamental pot plants are grown in soilless media, which usually contain peat moss and an inorganic material such as perlite or vermiculite. In recent years, the use of peat as a growth medium component has become an environmental issue, as it is a nonrenewable resource that forms the basis of peat bogs and their specialized ecosystem (Scott and Bragg, 1993) , as well as becoming more expensive. Composts from agricultural wastes have the potential to replace a signifi cant proportion of peat in the growth medium of potted ornamental plants (Burger et al., 1997; Papafotiou et al., 2001a Papafotiou et al., , 2001b Wang and Blessington, 1990) .
A parallel environmental issue in the olive oil producing countries of the Mediterranean basin is the treatment and disposal of the olive-mill wastewater, which is the main waste product of olive oil extraction. Biological treatment ; Chatjipavlidis et replace 25% (by volume) of peat used for the production of poinsettia, however, plant height was reduced.
The object of this study was to investigate the possibility of replacing part of the peat by OWC in the production of foliage pot plants, for which a reduction of plant height is undesirable.
Materials and Methods
The OWC used was prepared by a method based on that described by Papadimitriou et al. (1997) . The composting of olive-mill waste and its chemical characteristics were described by Papafotiou et al. (2004) .
Having as a control the medium 1 peat : 1 perlite (0% peat replacement by OWC), commonly used as a potting medium for ornamentals, three media with OWC, peat, and perlite were tested. In these media, 25%, 50% and 75% of the peat volume used in the control was replaced by OWC. The media were 1 OWC : 3 peat : 4 perlite (12.5% OWC concentration, 25% peat replacement by OWC), 1 OWC : 1 peat : 2 perlite (25% OWC concentration, 50% peat replacement by OWC) and 3 OWC : 1 peat : 4 perlite (37.5% OWC concentration, 75% peat replacement by OWC). A sphagnum peat moss was used with a degree of humifi cation H 3 to H 5 and a pH of 3.4 to 3.7. The pH values of the media 1 peat : 1 perlite and 1 OWC : 3 peat: 4 perlite were low and were adjusted to 5.5 and 5.3, respectively, with limestone. The pH values of the media 1 OWC : 1 peat : 2 perlite and 3 OWC : 1 peat : 4 perlite were 5.8 and 6.3, respectively. Measurements of the media pH and electrical conductivity (EC) were made in 1 : 2.5 volume water extracts. Measurements of pH and EC after planting were made in three samples from each plant species (samples were randomly chosen each time), and the average values are presented in the result section (see Fig. 3 ). The physical characteristics of the media were determined in three replicates per medium saturated for 48 h. Samples were prepared by the methods described in FCQAO (1994) . EC and pH were evaluated by the methods of Bower and Wilcox (1965) and Peech (1965) , respectively. Bulk density, porosity and water retention were evaluated by the methods of Blake and Hartge (1986) , Danielson and Sutherland (1986) and Klute (1986) , respectively. Water-retention curves were used to determine the readily available water (RAW), i.e., the quantity of water released when the suction was increased from 10 to 50 cm.
Rooted terminal cuttings of Codiaeum variegatum (L.) A. Juss (croton), Syngonium podophyllum Schott (goose foot plant), and Ficus benjamina L. (weeping fi g) were obtained from a commercial source and potted in 14-cm (1300-mL) black plastic pots (one plant per pot) in the four growing media on 15 July. From the following week until the end of the experiment, plants were fed weekly with a complete water-soluble fertilizer 20N-11.27P-16.6K-0.025Mg-0.02B-0.05Cu-0.10Fe-0.05Mn-0.001Mo-0.05Zn (2 g·L -1 , 400 mg·L -1 N). The plants were grown in a heated glasshouse and al., 1996; Sbai et al., 2000; Tomati et al., 1996) for bioremediation of olive-mill wastewater by composting may provide a solution. Extracted press cake and leaves, which are also wastes of olive mills, have been used together with the wastewater for compost production (Papadimitriou et al., 1997) . The primary sources of pollution of olive-mill wastes are phenolic compounds with phytotoxic and antibacterial effects (Paredes et al., 1986; Perez et al., 1986) . The polyphenols liberated during the olive-mill waste composting process have been identifi ed and it has been shown that the majority of these compounds disappeared after 12 months of composting (Baddi et al., 2003 (Baddi et al., , 2004 .
Olive-mill wastewater compost was added to the soil as a fertilizer, in fi eld experiments with maize and rye grass and in pot trials with spinach and lettuce, with generally positive effects on crop productivity (Tomati et al., 1996) . Also, it was found to control root-knot nematode problems in a fi eld experiment with tomatoes (Sasanelli et al., 2003) .
Greenhouses with ornamentals are common in olive oil producing areas because of the mild climate that allows low greenhouse operating cost. So, compost from olive-mill wastes generated near greenhouses, with transport costs less than for peat, could be considered as a relatively low priced organic substitute for peat. Papafotiou et al. (2004) were irrigated to ensure adequate leaching from the pot, with frequency depending on green house temperature and solar radiation, plant species and plant age; plants never showed any symptoms of water stress. The experiment with C. variegatum and S. podophyllum was terminated after 5 months of culture (in December), and with F. benjamina after 10 months (in May). The length of the main shoot from pot rim to the upper visible node (in all species), as well, as the number and length of lateral shoots developed (in F. benjamina) and the number of leaves (in C. variegatum and S. podophyllum) were recorded monthly. At the end of the experiment, the fresh weight of the foliage (from plant base) and the dry weight of the roots were measured. Fresh instead of dry weight was regarded as a better indicator for foliage quality. To measure the root dry weight, the growth medium was washed off carefully and the roots were oven dried for 72 h at 75 °C. Additionally, in F. benjamina the main stem diameter at the height of the pot rim was measured. There were 12 plants in each treatment.
Each species was grown separately, with a completely randomized design for treatments within it. The signifi cance of the results was tested by regression analyses and the treatment means were compared by the Tukey-Kramer HSD at P = 0.05.
Results and Discussion
Replacement of peat by OWC proportionately increased the bulk density and decreased the total porosity and RAW of the media (Fig.  1a-c) . Media with 50% and 75% peat replacement had low total porosity and RAW, held less water at saturation and drained faster than the control and the medium with low OWC level, which had similar water content curves (Fig.  2) . OWC seemed to have a higher number of small pores than peat, because media with a high OWC level held less water initially than the control, while at 100 cm suction water retention was similar to the control (Fig. 2) . Similar effects on the physical properties of media due to peat replacement by compost have previously been reported (Burger et al., 1997; Papafotiou et al., 2001a Papafotiou et al., , 2001b Siminis and Manios, 1990) .
In S. podophyllum, only 25% of peat could be replaced by OWC without adversely affecting foliage growth. A higher level of OWC in the medium decreased leaf number and foliage fresh weight, and this was primarily due to earlier senescence of the basal leaves. Plant height was reduced only at the highest OWC level, while root dry weight was not affected (Table 1 ). In a previous work, S. podophyllum was cultured in a peat-perlite medium, where up to 60% of peat was replaced by compost from cotton gin trash, with positive effects on foliage and root growth (Papafotiou et al., 2001a) . The major difference between media with OWC and media with cotton gin trash compost was their RAW value, as media with 50% and 60% peat replacement by cotton gin trash compost had RAW values between that of the peat-perlite control (Papafotiou et al., 2001b ) and the media with 50% and 75% peat replacement by OWC (Fig. 1c) . So, the low RAW value of media with a high OWC content seem to be the reason for their negative effect on the growth of S. podophyllum. Also, Poole and Conover (1986) have shown that S. podophyllum was more sensitive to irrigation than to nutrition and EC.
In F. benjamina, plant height and lateral shoot number were not affected even by the highest OWC level, but lateral shoot length was reduced at the highest level and main (woody) stem diameter, foliage fresh weight and root dry weight were reduced even at 25% peat replacement by OWC (Table 2) . In this species, increasing replacement of peat by OWC in the growth medium caused a gradual decrease in lateral shoot length, main stem diameter, foliage fresh weight and root dry weight. The difference in main stem thickness between F. benjamina plants grown in the control medium and those in media with OWC was probably the main reason for the reduced foliage weight measured in the OWC media. The characteristic thickening of the main roots of F. benjamina was prevented in OWC media. Ficus benjamina was found to grow better in media with a high porosity (Beel, 1988) and is more than likely why, in the present study, it grew more vigorously in the control, as OWC addition decreased the total porosity of the medium (Fig. 1b) . Moreover, F. benjamina showed a similar response in media where peat was substituted at similar ratios by compost from cotton gin trash (Papafotiou et al., 2001a) , which had total porosity values corresponding to media with equivalent OWC concentrations (Fig. 1b) . In C. variegatum, increasing replacement of peat by OWC up to 50% resulted in a proportional increase of main stem length, foliage fresh weight and root dry weight, while a further peat replacement up to 75% caused a decrease of these growth variables. Plants grown in media with 75% peat replacement by OWC did not differ from the control, but were shorter and had lower foliage fresh weight compared to plants grown in media with 50% peat replacement (Table 3) . So, up to 50% replacement of peat by OWC was favorable to foliage growth, possibly because of additional nutrition provided by the compost, while after that level inhibition occurred. This inhibition cannot be explained by the physical characteristics of the media, since media with 50% and 75% peat replacement had similar physical characteristics (Fig. 1a-c) . However, it can be attributed to the increased pH of the medium with 75% peat replacement (Fig. 3a) , which could have decreased the availability of nutrients, as it has been shown that in a lightweight growing medium, consisted of sphagnum peat, vermiculite, perlite, composted bark and sand, there were sharply decreasing availabilities of a number of nutrients as the pH increased (Peterson, 1981) . So, the positive effect on growth by the addition of OWC could not be expressed in this medium. However, the pH of the medium with the highest OWC level was not that high to affect negatively growth compared to the control. Besides, C. variegatum, as well as S. podophyllum, was cultured in a peat-perlite medium, where more than half of the peat was replaced by cotton gin trash compost, with positive effects on growth (Papafotiou et al., 2001a) , although the pH value of this medium was as high as that of the medium with the highest OWC level.
The increased EC of media with high OWC concentration (50% and 75% peat replacement) at the beginning of the culture period (Fig.  3b) did not induce any phytotoxic symptoms on the leaves, possibly because of the low level of Na ions in the OWC (Papafotiou et al., 2004) . After 1 month of culture, all media had similar EC values (Fig. 3b) , until the end of the experiment (data not shown). Probably EC did not affect growth of S. podophyllum and F. benjamina, since the big reduction of EC in media with 50% and 75% peat replacement did not had any positive effect on their growth, expressed as plant height (Figs. 4 and  5) . Only C. variegatum increased its growth in these media after the fi rst month of culture (Fig.  6) . Greenhouse temperature had the greatest effect on plant growth, as it prevented shoot elongation when the minimum temperature fell below 17 °C in October (Figs. 4 to 6) .
The decrease of EC in the media with OWC indicated that the compost had a high level of soluble salts. Similar behavior of EC in potting media with composts has been previously reported (Chong et al., 1991 (Chong et al., , 1994 Papafotiou et al., 2001a; Siminis and Manios, 1990; Wang and Blessington, 1990) . In a parallel experiment, it was found that the EC of the OWC media used in this study fell to the EC level of the control medium, after eleven irrigations with 150 mL water per experimental pot, every second day, in pots (14 cm diameter, 1300 mL) without plants and fertilization (data not shown).
A plant for OWC production is already working in the western Peloponnese of Greece. Supposing that the total quantities of extracted press cake and olive leaves will be used as starting material, about 200,000 t of OWC could be produced yearly in Greece. This amount is large enough to be considered for use in professional horticulture, provided the amounts of OWC that can be used in the growth media of the various crops has been previously determined. The present study suggests that OWC can replace 25% of peat in the potting media of S. podophyllum and 75% of peat in C. variegatum and F. benjamina, giving plants of marketable quality. The reduction of stem diameter and lateral shoot length induced by OWC in F. benjamina (Table 2) did not reduce plant marketability. So, OWC can replace a considerable amount of peat in the growth medium of foliage ornamentals, and in this way reduce production cost and contribute to the protection of the environment, as fi rstly an agricultural waste with toxic effects can be disposed of in an environmental friendly way and secondly the need for peat in fl oriculture can be reduced, thus preserving peat bog ecosystem. 
